Meroanueckue yKka3aHusi 110 BbINIOJIHEHHUIO J1a00paTOpHOil padoTsl Ned
«Pacno3HaBaHue nocjeaoBarejJbHoOCTEH»

Jlannas nabopaTopHasi paboTa MocBsIieHa TeMe 00paOOTKU JaHHBIX, TPEACTABISEMbIX B BUIE
nocaenoBarenbHocTel. OCOOCHHOCTh TaKMX JAHHBIX 3aKJIIOYAeTCs B TOM, YTO OYEPEIHOE
3HAYCHHUE IMOCIIE0BATEIbHOCTH HEKOTOPHIM O0pa3oM 3aBHUCUT OT OJHOTO WJIM HECKOJBKHX
COCEJTHUX 3HAYEHUM M U3 3TUX CKPBITHIX 3aBUCUMOCTEH B MOXXHO BBISIBJISITH JOTOJIHUTEIbHBIC
CBOMCTBa JaHHBIX. [IprMepoM JaHHBIX, MPEJACTABIISIEMBIX B BHUJE IOCJIEIOBATEIIBHOCTEMH,
MOTYT OBITH PEIIOKCHHSI M TEKCTHI HA €CTECTBEHHOM s13bIKe. [IpencTaBpTe, 4TO Mepea BaMu
CTOWT 3ajJa4a TMOCTPOCHHS MOJIEIH, KOTOpas MO HEKOTOpOMY (pparMeHTy TeKcTa JOJIKHA
MpeACKa3aTh CIEAYIONIEe CI0BO:

Iumep xasicooe 1emo npogooun 6o Ppanyuu y 6a0OYUKY, ROIMOMY OH XOPOULO 2080PUM HA. ...

Hama Gmonorndeckas HEMpOHHAs CETh 32 HECKOJBKO MEPBBIX CIIOB MPEMIOKECHUS yIOBUIA
KOHTEKCT M JIETKO IMOJICKa3bIBa€T HaM, YTO CJEeNyeT 3aKOHYUTh NPEJIOKEHHUE CIOBOM
«panyyszckomy. Ho Kak IEpEHECTH 3TO YIABIMBAHUE KOHTEKCTA B MOielb? J{J1s 3TOro Moryr
UCIIOJIb30BaThCsl PEKYPPEHTHBIE UCKYCCTBEHHbIE HEMPOHHBIE ceTU. Takue ceTu OTIMYaroTCs
TEM, YTO JaHHbIE MPU 00PabOTKE MepeAaroTCsl HE TOIBKO B IPSIMOM HAIpPaBJIEHUHU OT BXOJIa K
BBIXOAYy, HO TakKe MOT'YT C CHHUMATbCSl BbIXOZla OTJIEIbHBIX HEWPOHOB WM BCEH CETH,
Peo0pPa30BBIBATHCS U TAKXKE MOAABATHCS HA BXOJI. 32 CYET 3TOTO CTAHOBUTCS BO3MOXHBIM TO
caMo€ yJIaBJIMBaHUE KOHTEKCTA U BBISIBIICHUE CKPBITHIX 3aBUCUMOCTEN B JAHHBIX.

JpyruMu npumepamu MocieoBaTeNbHbIX JaHHBIX U 3a]lad MOT'YT ObITh BPEMEHHBIE PSIbI
(mpencka3aHue MOCIeIOBATEIbHOCTEH, POTHO3bI, OOHAPY)KCHHE aHOMAJIMH) WM KaJpbl B
BUJIE0 (BOCCTAHOBJICHUE MPOMYILIEHHBIX KAJPOB 10 COCETHUM, TTOBBIIIIEHNE KA4€CTBA BUJIEO).
3anaun 00pabOTKHU TEKCTA TOKE MOT'YT ObITh Pa3JIUYHBIMU: MOYXKHO IIPEJICKA3bIBATh OYEPETHOE
CJIOBO (ceiyac 3TO MCHOJB3YIOT B KJIABUATypaxX MOOWIIBHBIX YCTPOWMCTB WJIM TPU BBIBOZE
MOJICKa30K B TIOMCKOBOM CTpOKE) WM JieJlaTh MAaIlluHHBIA mnepeBoa. OpHo U3 3amay
00pabOTKM TEKCTa SBISETCS 3ajava ONpeleieHus ToHaIbHOCTH (Sentiment analysis).
dakTUYECKH, ITO 3a7adya KIacCUPUKALUU, TIe OOBEKTOM SIBISETCA TEKCT, KOTOPbIA HAJ0
OTHECTH K OJHOMY H3 KiaccoB. MOXKET CTaBUThCS 3ajadya OWHAPHOW KiIacCHU(PpUKAINH
(MO3UTUBHBINM WM HEraTHUBHBINA TBHUT) MJIHM MHOTOKJIACCOBOM (OT3BIB C OTMETKOM «OTIIMYHOY,
«XOPOLLOY, «CPETHEY, KILTOX0», KYIKACHOY).

B nanHo#t paboTe MBI MOMPOOYEM PEUIuTh 3a/lady OMNpeelIeHUs] TOHAIBHOCTH OT3hIBAa Ha
¢uibM. B kadecTBe BHIOOpPKH Bo3bMeM HabOop jmanubix IMDD (Internet Movie Database),
cocrosiiuii 13 50000 aHTIOS3BIYHBIX OT3HIBOB Ha (DUIBMBI, PA3MEUEHHBIX Ha JIBa Kjacca:
IIO3UTUBHBIN U HETaTUBHBIN.



https://ai.stanford.edu/~amaas/data/sentiment/

HauaJsio pa6oTtbl, noaxiavenne yckopuresss GPU

OOyueHue peKyppeHTHBIX HEHPOHHBIX CETeH — BBIUUCIUTEIBHO CIIOKHAS 3a/1ada, MO3TOMY
JUTSI YCKOPEHHUSI Tpoliecca MOXKHO TIEPEHECTH BBIUMCIICHUS Ha allapaTHBI YCKOPHUTENTh Ha
ocHoOBe rpaduueckoro mporeccopa (GPU).

J1J1st 3TOrO B BEpXHEM MEHIO 0J10KHOTa Tpedyercs BeiopaTh «M3menuts (Edit)» — «HacTporiku
onokuaota (Notebook settings)» — BeiopaTh «GPU» 13 BbINamaroero Cnucka «ArmapaTHblit
yckoputenb (Hardware accelerator)» — «Coxpanuth (Save)». ITocie coxpaHeHHsS HACTPOEK
cpela BBIIOJIHCHUS aBTOMATHUYCCKH Iepe3amyCcTuTcs. JIJIs TMpOBEpKH IMOMKITFOUCHUS
rpaUuecKoro YCKOPUTENS MOXKHO BOCIIONB30BAThCS CIICYIOLTUM KOJIOM:

Stensorflow version 2.x
import tensorflow as tf
device name = tf.test.gpu device name ()
if device name != '/device:GPU:0':
raise SystemError ('GPU device not found')
print ('Found GPU at: {}'.format (device name))

KoppekTHbIM BBIBOJIOM OYAET «Found GPU at: /device:GPU:O0»

3arpy3ka Ha0opa JaHHBIX

B Keras ectb BcTpoeHHbIE (YHKIWU ISl 3arpy3kd U paboTel ¢ Habopom nanHbx |IMDb.
3arpy3ka Habopa JaHHBIX MOKET ObITh BBHITIOTHEHA CIIEAYIOIINM 00pa3oMm:

# Barpyska maTaceTa
from keras.datasets import imdb

vocabulary size = 5000
index from = 3

(X _train, y train), (X test, y test) = imdb.load data(path="imdb.npz",
num words=vocabulary size,
skip top=0,
maxlen=None,
seed=123,
start char=1,
oov_char=2,
index from=index from

)

Pazoepem ¢ynkmuio imdb.load data. Ona 3arpykaer HaOOp JaHHBIX BMECTE C METKaMH
KJIaCCOB JIISl KaKIO0r0 OT3bIBa M pa3OMBacT €ro Ha OoOydYarol[ie M TECTOBBIC MACCHBHI.
OcobeHHOCTh (DYHKIMH B TOM, YTO 3arpy:KaeMble OT3BIBBI YK€ MPOLUIA IEPBBINA OTaIl
npeaoopadboTku. Kaxkaplii 0T36IB MPEACTABISCTCS HE B BUIE CTPOKH TEKCTa, a B BUJE CITUCKA
UHIEKCOB CIIOB. J[JIs1 IONYYEHUS STUX WHAEKCOB MPEIBAPUTEIILHO BECH KOPITYC TEKCTOB OBLI
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https://keras.io/api/datasets/imdb/#loaddata-function

pa3ouT Ha OTJEIbHBIE CJIOBA, CJIOBAa NMPHUBEICHBI K HIKHEMY PETUCTPY, yJajJeHbl 3HAKU
npenuHaHus. 3aTeM CloBa OBUIM YHOPSIOYEHBI MO YaCTOTE BCTPEYAEMOCTH B KOPITyCE
TEKCTOB U MOPSIKOBBIE HOMEpPA OBbLIN MPUHSTHI B KAUECTBE MHJIEKCOB, TO €CTh 00jiee YacThle
CJIOBA THTIA «@», «they IMeroT MeHbIIHIA HHJIEKC, a OoJiee peaKre ciioBa (MMeHa COOCTBEHHBIE,
CJIOBa C OMEYaTKaMM ) UMEIOT OOJIBIITNI UHIEKC.

Bcero B xopmyce TekcroB IMDb Bctpeuaercs Oonee 88000 yHukaabHbIX cj0B. Yacto s
aHaM3a HE HY)XHBI BCE CJIOBA, TaK KaK IMOJABJISIONICE OOJBITMHCTBO M3 HUX BCTPEUACTCS
KpallHEe pEeAKO WM CIUIIKOM 4YacTo (cjioBa C MajbiMU M OOJBIIMMH HHJIEKCAMHU HE
uHpopmatuBHbI). [ ynpaBineHus 3arpy3koi ecTh mapaMmeTp NUM_WOrds — oH ompeenser
pa3Mep UCIOJIb3yeMOro cloBapsi, MO0 yMOJIYaHHI0O MMeeT 3HaueHue NOne, yto o3Hayaer
UCIOJIb30BaTh Bech ciioBapb (Oomee 88000 cioB) m mapamerp SKip_top — mosBossier
IPOIMYCTUTh HEKOTOPOE KOJIMYECTBO CAMBIX YaCTHIX CJIOB.

Takoke pu TIEPEBOJIE CIIOB B MHIEKCHI UCIIONB3YIOTCS HEKOTOPBIE CIIeIICUMBOIIBI. Hamprmep,
KaX/IbIii OT3BIB HAYMHAETCS ¢ CHMBOJIA Hayaja IMOCIEI0BATEILHOCTH, IO YMOIYAHUIO OH
UMeeT MHACKC «1», 3a 3TOT uHIEKC oTBedaeT mapamerp Start_char. [Tapamerp oov_char (out
of vocabulary) onpenenser To, kKakoi HHIEKC MOJYYHUT CJIOBO, HE TOMABIIEE B CIIOBAPh U3-32
orpanuueHus num_words u skip_top.

[Tapamerp maxlen onpezaenseTr MakCHUMaJIbHYIO JUIMHY OT3bIBa. bojiee JIMHHBIC OT3BIBBI
OynyT oOpe3aHbl JO MaKCUMaJIbHOW NIWHBL. PexomeHmyercs octaBuTh 3HaueHue None, tak
KaK TIPUBEJICHUE OT3hIBOB K €IMHOMN JUTHHE OY/IET OCYIECTBIATHCS MO3KE.

[Tapamerp index_from ompenensier, Kakoi HHIEKC OYAET UMETh MEPBOE CaMOE YacTOE CJIOBO
MoCIe BCEX CHEICUMBOJIOB. 3HAYEHHE MO0 YMOTYAHUIO «3».

[Tapamerp seed 3amaeT MHUITMATM3UPYIOIIEE 3HAUCHUE JUISI CIIYIaliHOTO Pa30UCHUS OT3BIBOB
Ha 00y4YarolKe U TECTOBBIC JIJIS MOJTYyUYCHHS BOCIIPOU3BOIUMBIX pa3OUCHUI.

[Tomumo 3arpy3ku HaOopa JaHHBIX Keras mo3Bosser 3arpy3uTh CJIOBaph Map «CIOBO:UHACKC)
¢ momotiso GyHkiuu get_word index. DTOT ca0Baph MOXKET MUCIOIb30BAThCS IS IIEPEBOIa
OT3bIBa B BHJIE CIHCKa HMHJEKCOB OOpaTHO B TekcT. OJHAKO 3arpykacMblii CIIOBaph HE
YUUTHIBACT CIEICHMBOJIBI M CaMO€ YacToe CIOBO MMeeT MHueKc «1». Jlims KoppeKTHOro
nepeBojia MHICKCOB B CJIOBa HY)KHO CABHHYTH BCE HHJEKCHI Ha 3HAYCHHUE Iapamerpa
index_from, u 106aBUTH B ClIOBaph CIEIICUMBOJIBI M UX MHAEKCHL. [locie Toro, kak clioBapb
Oy/eT yTO4HeH, HeOOXOAUMO €ro OOpaTHTh W TOJIYYUTh CJIOBAPh Map «HUHICKC:CIOBOY. Jlis
COBEPIICHUS YKa3aHHBIX ONEPAIlii MOYKET OBITh BBIITOJHEH CIICAYIONINN KOJI:



https://storage.googleapis.com/tensorflow/tf-keras-datasets/imdb_word_index.json
https://keras.io/api/datasets/imdb/#getwordindex-function

# cosmaHue cJoOBapsa IJiS [IepeBOoIa MHIEKCOB B CJIOBA
# Bapryska cioBaps "cioBo:mHIekC"
word to id = imdb.get word index()

# yTouHeHMe cJoBapsd

word to id = {key:(value + index from) for key,value in word to id.items ()}
word to id["<PAD>"] = O

word to id["<START>"] = 1

word to id["<UNK>"] = 2

word to id["<UNUSED>"] = 3

# cosmaHme o0BpPaTHOTO cJjoBapg "MHIEKC:CcJoBO"
id to word = {value:key for key,value in word to id.items()}

Hpeoﬁpa3OBaHne 0T3bIBA B TCKCT, OIIPECACJICHUC MAKCHUMAJILHOM JJIMHBI 0T3bIBA

Jlns mpeoOpa3oBaHusl OT3bIBAa B BUJIE CIUCKA WHJEKCOB B TEKCT MOXET OBITh BBITIOJIHEH
CIEIYIOIIAN KOJI:

review as text = ' '.join(id to word[id] for id in X train[some number])

I[JI}I OIpCaACIICHUA MaKCUMaJIbHOM JJIWHBI OT3bIBA B 06yqa101ueM MHOKECTBE MOXKET OBITh
HMCITIOJIb30BAaHO CICAYIOMICC BHIPAXKCHUC.

len(max (X train, key=len))

IIpenodpadoTka JaHHBIX

[TpenobpaboTka JaHHBIX OYAET 3aKTI0YaThCsl B IPUBEICHUN BCEX OT3BIBOB K €IMHOW JUIMHE.
Jlnist aToro ucnons3yercs GyHkuus Keras pad_sequences uz Moayis preprocessing.sequence.
OHa TmpuHMMAaeT Ha BXOJl MAaCCUB CITUCKOB HMHJIEKCOB PA3JIMYHON IJIMHBI (B TaKOM BHIE
M3HAYaIbHO TpezcTaBieHbl X_train u X_test) u BbIgaeT Ha BBIXOJAC JBYMEPHBIH MacCHB
pa3mepa (KOTMYECTBO TPUMEPOB, MaKCHUMalbHas JUIMHA TpuMepa). Takke BXOTHBIM
mapamMeTpoM sBJIsIeTCsi coOcTBeHHO jumHa Maxlen u mapamerp value. B pesynbrate
00paboTKK MaccuBa 3TOM (PYHKITMEH JUIMHHBIE OT3BIBBI OyIyT 00pe3ansl 1o uHBl maxlen, a
KOPOTKHE JOMOJHEHbI 10 JauHbl Maxlen snadenusimu Value. Takxke TOMOTHUTEIHHBIMH
napaMmerpamu siBistroTces padding m truncating, koTopeie NPUHUMAIOT 3HAYCHHUS ‘Pre’ WiH
‘post’. JlaHHBIE MTapaMeTphl OMPENETSAIOT, C Hadala WU C KOHIIA MTOCIIeI0BATeIbHOCTH OYIyT
JIOTIOJIHEHBI U 00pe3anbl. Pekomenayemoe 3HaueHue mapamerpa padding = ‘pre’.

Jlnst mpenodpadoTku MaccuBa X_train Moxer ObITh HCIIOIB30BAH CIICAYIONIUIN KO


https://keras.io/api/preprocessing/timeseries/#padsequences-function

# mnpenobpaboTka maHHBIX
from keras.preprocessing import sequence

max words = 500
X train = sequence.pad sequences (X train, maxlen=max words, value=0, padding='pre
', truncating='post')

Peanu3auusi peKyppeHTHOM HEMPOHHOM CETH U OLIEHKA KAa4YeCTBAa KJIAacCu(PUKAUN

[Toce mpenoOpabOTKH KaxAblii OOBEKT OOydYaromieli W TECTOBOW BBIOOPKU MPEACTABISCT
co00#1 BEKTOp (PUKCUPOBAHHOMN IJIMHBI, COCTOSIINNA U3 UHJIEKCOB CJIOB. [Ipy 3TOM MHAEKCHI
JeaT B IUana3oHe OT €AMHHUIl 0 THICSY WM JECSITKOB ThICSY (M0 oObema cioaps). U3
JaHHBIX B TaKOM BHJI€ CJIOKHO BBISIBUTH KAaKWE-TO 3aBUCUMOCTH. i1 pemieHus 3Tou
npobsieMbl Ipu 00pabOTKE TEKCTOB, OOBIYHO MEPBHIM CI0EM B HEHPOHHYIO CETh J00aBISAIOT
cioit Embedding. Jlanublii ciioit peaau3yer npeodpa3oBaHue 10 IpUHIIKMITY WOrd2vec, To ecthb
Ka)X70€ CJIOBO, MPEICTABICHHOE B BHJIE LIETOYHCICHHOTO MHIEKCA, TIEPEBOIUTCA B BEKTOP
¢ukcupoBanHoi umHBL. [Ipm oOyueHun BecoBble KOd(DUIIMEHTH MpeoOpa3oBaHUs
HACTPaWBaIOTCA TaK, YTOOBI B HEKOTOPOM CMBICIIE OJIM3KUE CIIOBA MEPEBOAMINCH B OJIM3KHE
BEKTOpA, a TaJIeKue — B JJAJICKHE.

[Tapamerpamu cimos Embedding, cpenu npouunx, sBistorcst input_dim — pasmep ciioBaps,
output_dim — pa3mep BBIXOJHOTO BEKTOPHOI'O NpeJCTaBICHHUS W mapameTp input_length —
JUTHHA BXOJHOTO BekTopa (YCTaHOBJCHHAs Ha MPEIBIAYIIEM IIare eIuHas JUIMHA OT3bIBA).
Pexomenayercs BeiOpaTh output_dim nopsinka 16...32.

Jlanmee pekoMeHayeTcsi J0OaBUTh B CETh cliol peKyppeHTHbIX LSTM-sueek. s cnos LSTM
J0CTaTOYHO yKa3aTh mapamerp Units mopsaka 50...100, a octanbHbIC TApaMETPhl OCTABHUTD 110
YMOJTYaHHUIO.

Jlanee pexomeHayeTcs 100aButh B ceTh cioil Dropout. {ns cmost Dropout mocrarouno
yKazaTh mapamertp rate mopsiaka 0.2...0.5, a octaibHbIe TapaMETPbl OCTABUTH MO YMOIYAHUIO.

[Tociaenuum citoeM B ceTh qobamistercst cinoil Dense. Tak Kak pelraercs 3amada OHHApPHOM
Kaaccu(UKaIlMy M BBIXOHBIC 3HaUeHus Y_train u y_test mpeacrasiensr mpocto kak 0 win 1,
TO B BBIXOJHOM CJIOHM JOCTaTOYHO H00aBUTH 1 HEHpoH ¢ QyHKIMEH akTuBauu ‘sigmoid’.

Jlanee MoieIb He0OXOJUMO CKOMITHIINPOBATH, YKa3aB (YHKIHIO MOTeph 0SS (pekoMeHayeTces
BEIOpaTh ‘binary_crossentropy’), ontummusaTtop optimizer (pekomenayercs ‘adam’) u crucok
MCTPHK, 110 KOTOPBIM 6y,Z[€T OLCHHUBATHCA KAQUCCTBO 06yq€HI/IfI.

[Tpu 3amycke mporiecca 0Oy4eHUs TPeOyeTCsl BBIICIUTh YacTh OOYYAROIIUX JaHHBIX MO
BaJMIanuio. 3a 00beM BaJIMIAlMOHHOIO MHOXECTBa OTBedaeT mapamerp Validation_split
merona fit. Takke mpu 00yueHHH peKOMEHTyeTcsl BBIOpaTh pa3mep OaTtda batch_size mopska
32...64, u koaudecTBO 310X epochs 3...5.

[Tocne 3aBeprieHus o0ydeHuss TPeOyeTCsl OIEHUTh KadyeCTBO KIACCH(UKAIMKA Ha TECTOBOM
BBIOOPKE C MOMOIIIBI0 MeToIa evaluate.


https://keras.io/api/layers/core_layers/embedding/
https://keras.io/api/layers/recurrent_layers/lstm/
https://keras.io/api/layers/regularization_layers/dropout/
https://keras.io/api/layers/core_layers/dense/
https://keras.io/api/models/model_training_apis/#fit-method
https://keras.io/api/models/model_training_apis/#evaluate-method

J171s1 BBIBOJIa OTUETA O KaUueCTBE KIacCU(DUKAIIMKU TECTOBOM BEIOOPKHU MOKHO BOCTIOJIb30BAThCS
dbynkmuen classification_report w3 makera sklearn. Dol ¢yHKIIMM HEOOXOIUMO TEepenaTh
MacCCUB UCTUHHBIX METOK KJIACCOB M MAacCCHUB Mpe/ICKa3aHHbIX METOK KJIaccOB. Tak Kak MOJEIb
Ha BBIXOJIEe JlaeT oaHO uncio oT O mo 1 (oauH BBIXOMHOW HEWPOH C (PYHKIMEH aKTHBAITMU
sigmoid), To mpencKa3aHHy0 METKY MOXKHO OIPEICTUTh IO MPEeBbIlIeHn o opora 0.5.

test result = model.predict (X test)
predicted labels = [1 if test result[i,0]>=0.5 else 0 for i in range (len(test res
ult))]

from sklearn.metrics import classification report
print (classification report(y test, predicted labels, labels = [0, 1], target nam
es=["'Negative', 'Positive']))


https://scikit-learn.org/stable/modules/generated/sklearn.metrics.classification_report.html

